The successful construction of a facility highly depends on adequate planning, design, and control of the construction process. In an effort to better monitor and control the construction project, the construction industry has been engaged extensively in the development of a new computerized design and management system applying the concept of Computer Integrated Construction (CIC). The CIC is a new trend to improve the efficiency and accuracy of the entire construction process by integrating different types of information within computer based environment. The primary objective of this paper is to propose a model for the development and implementation of an automated cost estimating system using 3D CAD and relational database under the CIC system environment. The developed system automatically generates the quantities of both elements and work items directly from 3D CAD object model, and provides the cost estimating information including project and home office overheads, and profit of the entire construction work. Conclusions are made concerning the value of the effectiveness of the automated cost estimating system developed. Finally, it is anticipated that successful implementation of the automated cost estimating system presented in this paper would be able to bring the significant improvement of productivity and quality in both design and construction phases, and increase the efficiency of construction management as well.
INTRODUCTION
During the past decades, the construction industry has witnessed dramatic developments in electronic data generation and management technologies, and it has increasingly applied computer-based aids such as Three Dimensional Computer Aided Design (3D CAD) and relational database, and other computer assisted management tools. Construction has multi-stage production activities and a great amount of information is created and gathered throughout the construc-1 Assistant Professor, Dept. of Architectural Engineering, Inha University, Inchon, Korea, correspond to: youngsuk@inha.ac.kr The developed ACES was applied and examined to a steel reinforced concrete apartment, and the automated cost estimating results were compared with those of a conventional method.
Finally, it is anticipated that successful implementation of the ACES presented in this paper would be able to bring the significant improvement of productivity and quality in both design and construction phase, and increase the efficiency of construction management as well. Recommendations and future research works for further development of the system are also presented in this paper.
RESEARCH BACKGROUND

Construction Integrated Construction System
As previously mentioned, there is no doubt that the CIC is an effective management tool for improving the efficiency and accuracy of the entire construction process. Several researchers have defined the meaning of the CIC in various ways.
For example, Sanvido defined the CIC as "a goal to make better use of electronic computers to integrate the management, planning, design, construction, and operation of constructed facilities" [2] . Recently, its definition has been extended as "the integration of corporate strategy, management, computer systems, and information technology throughout the project's entire life cycle and across different business functions" [3] .
That is, the CIC is a good project management and communication tool by which all the information produced during the entire project life cycle can be efficiently shared, managed and controlled among various business functions within an organization (Fig. 1) . The ACES presented in this paper has been developed and successfully implemented under such CIC environment. In this paper, a standardized construction information breakdown structure for a steel reinforced concrete apartment construction was established for the development of the ACES to be operated under the CIC environment ( Table 1 ). The facet breakdown structure of International Standardization Organization (ISO) and CSI Masterformat were mixed to establish the construction information breakdown structure presented in this paper. As shown in Table 1 , the construction information breakdown structure was classified into several fields so that the construction information needed in each phase over the entire project life cycle can be easily retrieved, sorted, and reorganized in accordance with the requirements and aims of the participants. Once the quantity take off of all elements and work items is done using basic quantity information (attributes) measured from the 3D CAD object model and the bill of quantity for bid is then created by connecting the quantity information with resource information in construction phase.
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REPRESENTATION OF DESIGN IN-FORMATION
3D CAD System
Architectural DeskTop (ADT) as a 3D CAD application was used for effectively representing the graphic information in design phase. Fig. 3 shows a 3D object model for the steel reinforced concrete apartment selected for embodying the ACES. Representing all element libraries and connecting the design information with schedule or cost information in construction phase can be easily done by using the ADT. The ADT can represent the basic quantity information of 3D object library components as attributes in a table form (Fig. 4) . 
Definition of Design Elements
In most commercial cost estimating software, Table   A quantity information table represents 
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IMPLEMENTATION OF ACES
Cost Estimating Process of the ACES
The developed ACES takes off the quantities in the structural/finish elements and work items, and reports some forms of bill of quantity as well.
Then, the results can be used for the effective cost (Fig. 9) , 2) quantity take off by elements and work items through data processing (Fig. 10), 3) creation of reports of bill of quantity by applying the unit prices to the quantity information (Fig. 11) . 
Quantity Take off Table and Reporting Bill of Quantity
The basic quantity information obtained from 3D object models created by the ADT is directly used as the parameters of functions (formulas) established for creating the specific quantity information tables in cost estimating phase (Fig. 12 ).
With these functions, the quantity information by elements, work items and floors can be represented in the forms of table (Fig. 13) . 
Experimental Result of ACES
The developed ACES was examined by comparing the results of quantity take off between the ACES and an estimating expert using a conventional method (Table 2 ). In the comparison, only the results of quantity take off between the ACES and the conventional method were compared and analyzed because any unit prices can be applied to both methods. As a result, the quantities calculated by the ACES were less than those by the conventional method. There was about 0 to 8% difference in the quantities. It was due to the fact that the ACES took off the quantities based on only visual elements and attributes defined and expressed by 3D CAD, while the estimating expert applied an extra quantities or rates depending on his own experience in taking off the quantities.
As a future study, the use of an expert system is thus recommended for more accurate cost estimating using the knowledge base of human experts. 
CONCLUSTIONS
This paper mainly focused on presenting the research efforts for the development of an automated cost estimating system that can be operated under Computer Integrated Construction environment. The ACES was developed using 3D CAD and relational database, and the overall cost estimating process of the ACES was also briefly described in this paper. The developed ACES was successfully demonstrated by applying the system to an actual steel reinforced concrete apartment, which is currently being built. The result of the quantity take off by the automated method was then compared with that by a human expert. For more accurate cost estimating, the use of an expert system shell using the knowledge base of human expert was also recommended in this paper.
Finally, it is anticipated that successful implementation and further development of the ACES presented in this paper would be able to bring the significant improvement of productivity and quality in both design and construction phase, and increase the efficiency of construction project management as well.
